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ABSTRACT

The algorithm for synthesizing relational data base schema in

the 3rd normal form assumes uniqueness of functional dependencies.

This assumption is examined and a method for checking the

assumption is presented.

I. INTRODUCTION

Beer and Bernstein [2] have developed a fast algorithm for

synthesizing relational data base schema in the 3rd normal form

from a given set of FDs such that the resulting schema embodies

the original FD's. They take an axiomatic approach to FDs and useS

a set of axiom schema to derive all the FDs that follow from a

given set of FDs. If G is a given set of FDs, G+ denotes the set

of derived FDs. In order for their algorithm to work they mustS

make the following *uniqueness" assumption.

Let X be a set of attributes and A an attribute. If X-->A G+

* then any derivation of X-->A represents the same *user intent".

In (2a1 Beer and Bernstein achieve the uniquness assumption

by assumming that all the relations of a data base are projections

of a "universal relation". Since a universal relation never

"really" exists the verification of the uniquness assumption

remains a problem.
/ - S IIII]
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When Beeri and Bernstein's algorithm is used to synthesize

relational data base schema an attempt should be make to verify

the uniqueness assumption. Even though Beeri and Bernstein's

0 algorithm is linear any attempt to verify the uniqueness

assumption is doomed to exponential time.

9 An automatic checking for violations of the uniqueness

assumption is preferable to interactively "showing' each

derivation to the user. Such a semantic analyzer is difficult to

0 find since it is not known how to formalize the "user intent" of

an FD. As a partial solution we classify FDs into three types,

regular, injective and computable. Armstrong's [1] axioms can be

0 applied to these types so that every derivation of an PD will

result in classifying the FD as one of the three types (given the

types of the initial FDs). When two derivations of an FD result

in two different classifications then we have a violation. If two

derivations both result in a calculable FD it is sometimes

possible to decide that the calculations are different and there

8 is a violation. In other cases it would not be known if there was

a violation.

The usual solution to a violation of uniqueness is to rename

some attributes. We show that this may lead to *problems* and

that sometimes certain derivations must be "outlawed.*

a 134

n--
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Il. Prel-iminaries

We assume the. reader is farail-iar with the notetion and

results in beer-i and Bernstein [2]. Our, view of relational data

bases is somewhat similar to that of Cadiou [4] and Nicholas (8].

There are two notions of a relation; intension and extension.

The intention of a relation should include as much of the

"user intent" as possible. The intention of a rei-ation consists

of:

1. RJ(AI,...An) - a relational form, where 4 is tne name of

the relation and {AI,...An} are the attributes

2. A set of keys.

Remark: 1. and 2. are usually called a relation scheme

and in Beeri and Bernstein [2) this is all that is meant

by the "intention."

3. Functional dependencies

4. Other types of dependencies

5. Domain definitions of the attributes

6. Other integrity constraints (See Eswacian 151 and hammer

}1 Mcleod [7] for a taxonomy).

I.

f ',For each intension R there are many extensions. e~ach

extension (or instance) of R is a finite set, R, of n-tuples

satisfying the constraints of the intention.

the inention
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The intension of a data base is a finite collection of

relational intensions with additional integrity constraints (that

incl.uoe more than one relation). Attrioutes and their domain

definitions are invarient over the data base so the FDs (and other

dependencies) can be considered to reside in the data base as a

whole.

The constraints on a data base can be stated in any

appropriate language such as: first order, preuicate iaic,

SEQUEL, QUERi i EXMPLF.. It is possible to discuss tae set of

all extentions of a data base but many questions (consistency,

derivability) may be undecidable. For details consult Gallaire

and hinker (6) and Nicholas [8].

Tne constraints tor which the above questions are important

are tnose tnat aftect the structure of tne data oase. eDs affect

tne relational data oase shcema since the normal forms are stated

in terms of the FDs. Fortunately, under the uniaueness

assumption, questions of consistency and derivability aoout FDs

are decidable.

We shall review some notation from Beeri and Bernstein [21

and describe their proqram. An fD is denoted by X-->Y', where X

and i are sets of attributes. The only information that the above

notation imparts is that for any relation A whose attributes

include X,- Y and for any instance R of R, if two tuples coincide'i on X they must also coincide on Y. Sometimes f:X-->Y is written,

where f aenotes a canonical name for tne partial function from

dom(X) to dom(k) wnicn i3 dependent on the extension (and changes
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Sas the extension does).

Armstrong [1] gave a set of axiom schema for deriving FDs

from a given set of FDs and shows that the system is sound and

complete. Beeri and Bernstein use the following equivalent

axioms.

A.,:. (Reflex ivity) X-->X

A2:" (Augmentation) it X-->Z then x-,'Y-->Z:

A3 :. (Pseudotransivity) if X-->fi and i°.., Z.-->W then X'-/Z.-->4.

If G is a set of FDS, then G+ is the closure of G under the

above axioms. An important part of Beeri and Bernstein's

algorithm is to compute G+. If X-->Y can be derived from G it can

be derived by an infinite numoer o-f derivations. By the

uniqueness assumption Beeri and 3ernstein can assume any

derivation of X-->Y represents a unique "user intent." Hence they

need only search for one such derivation. They only have to

search derivation trees of height at most the number of attributes

among the G since a derivation with a loop (i.e. one that goes

through an attribute twice) is the same without the loop since

X-->X must be the identity mapping by uniqueness.

IIL. Check-in and Correcting the Un iqueness Assumption

Any method for verifying tne uniqueness assumption will

involve comparing different derivations of a single PD. By the

above method, if X-->Y is not unique there are two derivations of

X--> by trees of at most height twice the number of attr.ibutes

JL
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$ (since at most one loop is needed). Hence if we had an alqoritna

for deciding whether two derivations represent the same Ouser

intent" the uniqueness problem would be decidable. Since we would

have to search all, derivations the solution is at best

ex-ponential,. when a violation of uniqueness is discovered the

usual remedy is to change attribute names so that two different

FDs are produced. This would change the final relational data

base shcema synthesized by the Beeri and Bernstein alqorithm.

Primitivel-y the "user," could be used as an oracle to decide

whether derivations are unique. If a violation is found

attributes can be named but it would produce more derivations and

possibly violations. It is not clear that such a process

terminates by some given uound (an example of this will be

discussed later). Beeri and Bernstein suggest an alternative

solution--simply reject some inferences. We shall see that this

may be necessary.

*1
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I,. A Partial, Solution

we propose a classification of FDs, with which we can

automatically detect many of the violations of uniqueness. We

define three types of FDs: regular, injective and computable.

Armstrong's axioms are adapted to include the above types. A

violation can be detected if two, derivations of X-->X' ere touna

with different classifications. When two derivations of X-->Y are

of the same type then a violation can only be discovered by a

finer classification. When both derivations are computable then a

finer classification can be made by checking if they are the same

computation. Unfortunately the general problem of equivalence is

undecidable (depending on the language used). The situation is

similar to program verification and most computations encountered

will be simple enough to compare. The use of computable

attributes in a data base is questionable and will be discussed

later.

i. Reular FDs:. These are those defined by Armstrong.

Example:. EMP--> Dept ; Dept-->MGR

2.'t IJective (or One to one) Fos: This j.ust means that the

canonical, function is always inj.ective for each instance.

We denote this by X<-->Yt.
Examples: X<-->X, SS<-->Passport1 .

3. C ule FDs: In this case the canonical function

represents a real function of the attributes domains,

*other functions and the data base instance. We denote
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this by F:.X-->I,, where i represents the real function.

Notation: Lower case letters will denote the canonical names for

non-computable FDs. Higher case letters will be reserved for

computable FDs and general FDs (computable or non-computable) are

denoted by Greek letters.

Examples:

A.i F:SAtLARY, iumber-of-Dependents-->WiDho.lClino-Tax

B.- If A and B ace attrioutes we may have A+B=K a constant and

G:A-->3 where G-K-A

C. H: Deptt --->Number-of-Employees

The algorithm for H is to count the number ot employees in the

department for each instance.

One may ask if computable attributes snould be in a data oase

altogether. The answer is that in general they should not. If

the computation is cheap it can be recalculated every time there

is a. quer.y. Even if not the attribute shoula be virtual in the

following sense:

1. The attribute should be attached to an appropriate

relation- but not be considered in the relational schema

and should not take part in questions of the various

forms (i.e., not used for FDs).I' 2. Every time an update is made that affects the value of

the virtual, attribute in a iuple, it should be

recalculated.
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3. It shoulu be included among the attrioutes for queries.

'khe only proolem this would present is for one to one

computations F:A-->3 and F-1:3-->A (as is the case for A+B=K).

Then we would have to decide which was more "basic" and this may

not be known by the user. Hence in such cases it is better to

leave them in and consider them for the normal forms. It seems

that in practice computable FDs are incl.uded among the attributes

of aata oases even if they are not one-to-one. This is the case

for some of the examples in Beeri and Bernstein [2].

It is easy to see that Armstrong's axioms can be adapted as

folaows:

A a. X<-->X

b. it X<-->1, tnen Y,<-->A

A2  a. if X L (or X<-->Z') tnen XJTi-->Z

D. if F:X-->Z then F :X'JY-->Z where F (X,Y)=F(X)

A3  a. if [(X-->Y and Y&'Z-->W) or

(X<-->Y and YJZ-->W) or

(X-->Y and Y,.Z<-->W)] then

X\-> Z-->W

0 , 1 
b . i f X <- - >Y an d Y '-- ".< - - >W t h e n X ,,, ".< - - >W
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V

c.. if F:A-->Y, and (x, ,Z,-->W or Y'Z<-->W) then F :X)Z';-->W

where if f is the canonical name for Y'. Z-->W (i- Z<-->1)

then F (X,Z)-f(F(X),Z).

*
d. if (X-->Y or X<-->Y) and F:Y-.Z-->W then F :X..-Z->W

where if f is the canonical name for X-->Y, (X<-->Y,) then
V

F (X, Z)F(f (X) ,Z-)

e. if F I:1-->Yi and F2:it Z.-->W then i" :XJZ--> where

I (A,Z)=1 2 ( 1 l(A), Z).

It is oovious tnat the correct classification is given

in each case.

We start with a set of user classified FDs. It can be

assumed that there are no violations among the given FDs. Careful

specification of the FDs wil. help prevent violations. We shall,

il.lustrate how the above classification of ?Ds can be used to

detect violations by using the three examples given in Beeri and

Bernstein [2].

In order to define comrputable functions we need a function

manipulation language (we cannot use relations since we are only

given FDs). Buneman and Frankel [3] have developed a function

query language which would more than suffice for our purposes.

Since its syntax, is not commonly Known we willi develop only

sufficient tools for our examples intuitively.

A
It
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Non-computable FDs (denoted by lower case letters) are

treated as atoms. We allow composition of functions (this was

al-ready used in the adapted axioms). Let .- :A-->B (remember Greek

letters represent both computable and non-computable FDs). :-( is

realized in an extension of the data base as a partial function

--,: dom(A)-->dom(B) since dom(A) may be infinite but only a

finite number of val,ues are realized in any extension. Let dom(A)

represent the finite subset realized in a data base extension.

Let t (A) represent the set " (a)- I a .4-dom(A) }. For b - om(B),

°(#(A)=b is the characteristic function of the predicate x,.(A)=b

detined over domn(A), i.e., X#(A)-b: dom(A)-->i,l} defined by:

X, l if (a)-b
(a)= 10 otherwise

We allow taking the sum of a set hence if f:Emp# -->Dept then we

can define a computable function F, F:Dept -->Number-of-Employees

by:

F(d)= ) tor d6 dom(Dept ).

Cl 1 (,,. 4

Tnus F would count the number, of employees in a department.

Let g:Dept# -->mgr , we can define a computable

G:Mgr -- >Number-of-Employees by:

Gm)- )*(F(Dept )I,

I 1 r
' lil"I ... ...... + l I . .. . .L ,, +.) P "
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wnicn computes tne numA.ar of employees for a p~articular m~anager.

!,ne aoove is just the eibryo vf a iasnguage out it is enough

for our own purkposes.

Example 1.We are given fl:Dept:2 --Xigr,

x I: L~ij ->3ept , i'loor, F,:L~ept t, iio-Xuue-o-;poe

arae i :&grtt, Floor-->,,uiaoer-ot-Linlo1yees.

e.is comuputaole oy:

F is coaputaiie oy:

F Lt a. ,' (De~oc A4.)

using A. (U) o n f,:LUept -A-->&.igr~h anu F 4 :.igr

r'.lo o r-- >A ua o e r - o i- i I o ye es we .AeL ive

%jietlo->uiuro-,ilye w&aere,

~7
jO~h~'19) F (i.et A-.4%;. d



Clearly at, algoritnm coulu be uefineu wnich .Cdulc cecice

aence there are two derivations of Dept it4

eloor--i4uamoer-of-Latployees wita difierent user in~tents. d~eer i

arso 6ernstein's solution to this violation is to cnan~~e e to:

e :e~gr ,CIo- amoro Lpoeso-tne

axemarK. It we aici not nave j. (as is tne case in tnle deerL anci

tiernstein [j.J examnple, F 1 wouli revert to a non-computaole t 3Out

1 wouiu remain coiaputaole. 6 woul" Oe computaoie also anu a

violation woulu ue aetectetA cecause tneLe were two uerivations oi

iept#, ifloor-->diiuAUer-Ot-Lployees one regular anu tne otaier

computaole.

'xamgl~e ~.Let r 5 : Linp X-49~r anci f :iag r# )jO ~ yA

applieu to f we oerive 9 1 :L.M.* (-->Ligr# anu this --ives two

aerivations of cEmp ->migr ,one regular anci tne other injective.

nere tnere is a violation. (we coulo nave usecA trarnsicivity on

r fb togtg 2 : "ip it- Za das opposei to tne cierivation of

deeri ana aernstein's solution to this violation is to change

r U to f 0: mg r 4-- > LaP -of -L4ar . uniortunateiy tflia leaos to

auctitional prooiens. AssuA.ae we nave a nierarcny of managers

(itanayer of -,tanagers, etc.); now woula tre aanager of a fcanager

oe aeterminea. It the inanageL is treatea as a regular employee in

k;Jiip -- >mg r an efD 6m O--ir->i is neeuei wni%.;n aj3aik

causes a violation. Utnerwise a La 15 i

neeueci 1 ana so on until tae nignest -.anager. -'Anis is a~alo(,ous to

a geneo.Logy ciata oase wicn a Sozi, eatner Lelation. in sucn a case



attrioutes for Granofatner ki.reatgrancAfatner, etc. until Au&a.

inis entails an explosion of artriouces. Tne only teasioie

soiLution is to outlaw prooleiaatic derivations and consiaer

d4gr -of-idgr etc. a virtual computaoi e.

Exa, 'ie 3. Let f.:Stock* -->Store~ anu f :Q-t0CK s tored -->Qdty.
ai__ - I0

Tne "user intent" of L', is to mnap tne ZtO)CK Aonto Store 4&or tne

store triat is in cnarge or oraering that item anu f 0 maps Stock 1

ano Store~t of tkne store in wnicn it is oeing suiu into tne

quantity on nanu. using A. (a) we uerive g 3:btock -->I Xty .Tnen

A. (a) gives

94 :StOCK, itore --Qy f. anu 94 rep.resent two airterent

intents of btocK , .tore -->wty ootn classitieu regular. dence

tney coulu no~t oe distinguisnec by tne classitication ietnoch.

Tne aoove violation coulu be avoiaea by careful user

Q~efinitions of keDs. Tne user stioulu consid~er tne range ot tUe eu

ana if it aoes not incluae ali tne uomain, a new attribute snoula

oe nameu. So StocK -- >Store aoesn't iacjiude all store nuwioei: in

its range, only oruering store nuaers.

iv. wiscussion

aus oevery time consuming. It is possioie tnat certain limiteu

tpsof sets of tDs cannot leau tL, violiationls out it is uniieei.y

thlat tnese types couli cover rea.L situations.
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Anotner prooen encountered was a proliferation of

attributes. Trying to satisfy the uniqueness assumotion leads to

many attribute names and it may make queries diffecult for a user

if he has to differentiate Ordering Room , Storing Room ,

Personnel Room , etc.

In addition the uniqueness assumption cannot contend with

bnatural. loops" as in the Lmp -- >gr 4 -- >mp 4 etc.

It is interesting to investigate what nappens to these

semantic violations in a regular relational data base using a

normal query language.

Since the formulation of a query uses relation names the

-derivation" depends on how the query is presented. We shall use

example 2 and SEQUEL to illustrate. Assume we have two relations

E(Eme*, Mgr"') and K(1%1&., Emp"S).

If we wanted the Emp ot the manager of a given £mp , e, we coulo

write:

Select Emp*

From N

Onere Mgr-

Select Mgrt

From E

Where Emp *e

We could also form the equation on Mqr qetting EXI4 which are the

P triples, (C-mp*, kgr , £mp ) , where the second £mp is the Sap' of
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the manager. The natural, join of E and A would be null because of

the violation. In a regular relational data base such violations

may cause some problems but are not catastrophic. If the above

violations were not detected, the Beeri and Bernstein algorithm

could eliminate £ or t as redundant. Hence the desirability of

synthesizing relational data base schema should oe considered.

I
I

-I
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